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Method of Assuring Drug and Drug Product Identity 

Field of thft Tnvention 

™sinvent.onrelatesgeneraUytoa.ethod~^^^ 
product makes its way from the manufacturer to the retader. 

With.n the distribution systemofdrugsand^^^^^^^^^^^ 

drug product identity. Example scenarios ^f the correct drug product to 

and counterfeit drug products, and a need ^^^^f.^^^l^^^^^^^^ drug product identity of 

counterfeited. 

Ou. app,oacMs . apply Km sp~p^w^^a^^^^^^^^ 

dynam,c tag ^teo. Futm. tags are "^^P^^^^^^ The manufacturing method makes 
since formulation component(s) themselves f o™""' (immediate release products) and 

L of regnlatorv -^-^^^f ^^^S"?" s^^^^^^ y=t viable from a 

1997 (modified release products), m order lor xnc uig y 

regulatory point of view. 

NlRspectrometryisadvantapousin^rrnso^^^^^^^^^^^ 

short (e.g. 1 sec). It is sensitive to '"-^^^''^^^P^^^^^^ is noninvasive and nondestructive, 

approach. There is essentially no ^^^^^ P^^f j^^^ 
No reagents are required. Detection limits can be very low. 



r>Pgpription /^fthl» Invention 



ui^m nartirularlv since counterfeiting technology 
Counterfeit drug products are an ^^^^^f P/^^^^^^^^^^^ counterfeit drugs that 

has improved. There remams a need o detect '^-^^^^^^^^ ^ut not limited to the use of 

are similar to the ^^^^^ f ^f^J^sel i^^^^^^^^ spectroscopy (all possible 

near-infrared (NIR), Raman and LIF ^^^^^ Jthods) to the final dosage form 

methods will hence be referred to as ^P^^^^^^J^^^^^^^^^ j^elude its non-invasiveness, 
and/or packaging (1-36). Advantages fj'f'^'^^'^^^^^^^ seconds), including 

Srn^a^^X^^e-^^ 
exhibit a NIR spectrum. 

Either or both the pharmaceuttcal packagmg « 



coattag matenals. Some or all °f ™ '""'^'f " " batch or set of batches. The 

batch or with some other frequency, to y^eU spectta l"' meDa „^ 
NIR spectra would uot be identical for all P'°''uct batchy. A certain bat p 
se.ofproductbatches.willtoeajt™^^^ 

the manufacturer (or agents of the ^^'^^^'^^^^''l^''' . «,„hiected to NIR analysis and cross- 
products ^o,n a ^^f'^^^-^T^^'TJZ^'i^t^^ ^C'sbateh 
referenced against the authentic NIK spectra. ^"'^ " ^™ snectra provides a basis to 

number ar>d its NIR spectra along wjth the easy ^^f-^^^^^,^^^^^ andbatch 
combat counterfeit drugs. Of added benefit, the ^^^^^^ °" ^^^^ ^^ll^ or health care 

number(s) need not be provided to ^^^"^^^^S re^^^^^^^^^^ the manufacturer, 

providers, who could still perform f ^^^^^^^^^^^^^ would not be 

fn<^=£erS^^^^^^ 

have no target product to counterfeit, without detection. 

This approach employs the -gion of t^^^^^^ 30oo 

typically includes wavelengths between 700 mn ^"^f^^^^/"^^^^^ onginate from 

Sm (near the infrared stretches of organic ^o^PT^^;^-^:^^ jjf^^^^^^^^ transitions in 

overtones and combinations of the ^^amental (mid-IR) ^ absorbances. NIR " 
the atoms. C-H, N-H, and O H ^on^--^^^^^^^^ LSunique hydrogen atoms. 

??rKr-mXt^ 

C-H N-H, and/or O-H groups. Many other 

bond combinations also provide NIR absorbance peaks 

While a pharmaceutical product typically has only one f°™"'^^"tt?ourrfe^^^ on the 
^icall/avoid manufacnrring changes, this ^P^'^''^'"^^^^ pZJS " o«ly, 4e 

Tailability of several (i .e. '-l^^X^^ J:^^'':,^^,^^^^^^ -n>P-«- 
Food and Drug Admimstration (FDA) allows tor a range „„„i~n,cnts In the case of 
in the manufacturing of products, without onerous re^lato^^^^^ 

immediate release and modified rel^se -f,.''"-^^^^^^ changes. 



counterfeiting and «ma,e the de.ec«o„ of counte*^^^^ 

approach avoids the use of a taggant that IS fixed, or is tfiemselves 

less detectable and hence counterfeitable. 

For example, for each — e ^^^^^^^^^^^^^^^ 

modified by as much as 5% to provide a ^P^f^ to resolve 1% and smaller 

qualifies as a Level 1 change. Given the ^^'^^^^^ ^^^^^f^^^^^ the filler's level. Moreover, 
differences in formulation, a unique tag can be fabncated *e^^^^^^^ 
the number of unique NIR signatures can be S^^^JJ^f ^ over 1 1 levels, 

While NIR soeotrosoopy has some previotB limited application in pharrnaceutical analysis, it 
refnS'SpTar^rL ^^1^ to cojlbat — it d™g. O^^^^^^^^ 

r^^"rsxTf.a;t=::rs=r^^^^^^^ 

counterfeiting. 

V. o^r^w NIR snectroscopv with a manufacturing method that provides for a 
detectable since formulation component(s) ^y^f.^^^^^^ j^i i995 (immediate release 

TcTiTri^^trreiri-p^S^^^^ 

viable fi-om a regulatory point of view. 

l«Jo reagents are required. Detection limits can be very low. 



invention. 
Exam ple 1 



Materials. The fol.owmg drug substances and exc.p.^nts we^e ^^fj ^^^^^^^ 
(Sprectrum, Gardena; CA), prednisone ^^^^^^'^'^^'^^^^^^^ (Emocel 90M, 

Gardina, CA), acyclovir (Spectrum; G^^^^/' ^^^^^ J^^^ sodium 
Mendell; Patterson, NY), magnesium stearate (Spe^tmrn Gardma, UA^^^ ^^^^^^^ 
(FMC Biopolymer; Princeton, NJ), starch (Lycatab C, 1^°^"^"^' !r^^^^\'"'' ^' 
monohydrTte (Super-tab, The Lactose Company; Hawera, New Zealand), 
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rormulation Methods. Three tablet — ^ns w^^^^^^^^^^^^^ 

drugs, such that 12 formulations were rnade. The four dnigs we P ^^^^ 
mdomethacir., and acyclovir, ar.d are J^^^^^ properties, arrd dose ranges, 

differ in their therapeutic uses, Pl^y^^^^^^^^'^jSerTaWes 1-4 describe the composition of 
For each drug, three tablet fonnulatrons fa^^^^^^^ ™es 4 d ^^^^ ^^^^^^ ^^^^^ 

the 12 formulations and refer to f°'™^^f j^^' ^f' "T'i Bl CI, and Dl are reference 
formulations is denoted the reference f^TJ^f;*^" ^^-^^^^tilk wi'thT^^ SUPAC IR level 1 
formulations). For each drug, the ^'^"^"^f ^^^^^^^^^^^ formulation, resulting in 

tolerances by varying one or «^°'^^.^'^7^^^t.Hn^*A2 and were variants for formulation Al; 
the second and third fomiulations (i.e. f^^^^^^^^"^ j^^^.'* ^"'^ 
formulations B2 and B3 were variants for fomiulation Bl). 

variant formulations were attained through ^^^Jo^o^^l^^^^ p^Vd^nSo^^^^^^^^^^^^ 
aspirin, microcrystalline ^^^^^^^^J^^^^^ cellulose and 

stearate was mcreased and decreased J- or ir^a^ For acyclovir, microcrystalline cellulose 

Near-IR Methods. ™ fo™ula«on, we« scannec, « 

Co««n. Analyze,™. The followmg test ""^"""^ "^^^ each ,™Xwarsca,S,ed 62 .taes and 
glass scintillation vials and scanned m '^^'^ZZ^TimnmT^SOa nm wi,h samples 

=fdrT„rr;rs;ssr=r^^^^ 

values using Foss's Vision software package. 

-S-iSe-^^^^^^ 
drug 

A unique NIR signature could be ^^^^^^^^^T^^^ 
authenticity on a CD or commercial software package. A company 
types and assign each one with a lot number. 

peridc variation of the formulation as descnbed above. 

t "TeSr.o assure drug product distribution integrity (and dnrg substance iniegnty and 

excipient m«gr.^^) ^^^^^ ^.^,„,„„,„^ 

al - pharmaceutical manufacturers 
a2. pharmaceutical wholesalers 
a3. pharmaceutical distributers 
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being dispensed.) 

a5. pharmaceutical repackagers ,,o,iT,tries 
a6. FDA field monitoring, as well as regulators m other countries 

Typical example applications include but are inspectors and/or health care 

^ a. Evade and detect counterfeit drug products FD^.^^^^^^ PDA field 

worker (e.g. pharmacist, nurse) -^^^-^ ^^^^^ ^elay the 

inspectors and/or health care ^«^l^%\f Lents of the manufacturer of the 

lE^prct^^ay^^^^^^^ 

A pharmacy employs NIR to assure that the dispensing robot dispenses the correct 
^"''"*c A pharmacy employs NIR to assure the dispensed product is the correct product (e.g. 

Rrief Des f-ri ption of th e Figures 

Table 1 . Level 1 Compo«n. and Composition Changes for Innnediate Release Oral SoM 
Dosage Forms 

Table 2. Level 2 Component and Composition Changes for Immediate Release Oral Solid 
Dosage Forms 

Table 3. Level 3 Component and Composition Changes for Immediate Release Oral Solid 
Dosage Forms 

Table 4. Level 1 Component and Cootpos.tion Changes for Modified Mease Oral Solid Dosage 
Forms (nonrelease controlling excipient) 

Tabic 5. Level 2 Component and Composition Changes for Modified Release Oral SoUd Dosage 
Forms (nonrelease controlling excipient) 

Table 6. Level 3 Component and Composttion Changes for Modified Release Oral Sol.d Dosage 
Forms (nonrelease controlling excipient) 

Table 7. Level 1 Component and Composition Changes for Modified Release Oral Sohd Dosage 
Forms (release controlling excipient) 

Table 8. Level 2 Component and Composition Changes for Modified Release Oral Solid Dosage 
Forms (release controlling excipient) 
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Table 9. Level 3 Component and Wtion Changes for Mo<.,fied Release Oral Solid Dosage 
Forms (release controlling excipient) 

Table 10. schematic of possible areas of use for this invention w.thin the commercial pipeline 
Table 11. Composition of Aspirin Formulations 
Table 12. Compositionof Prednisone Formulations 
Table 13. Compositionof Indomethacin Formulations 
Table 14. Compositions of Acyclovir Formulations 

Table 15. 2"'* Derivative of Absorbance vs. Wavelength: Aspirin Formulations 
Table 16. 2- Derivative of Absorbance vs. Wavelength: Prednisone Formulations 
Table 17. 2- Derivative of Absorbance vs. Wavelength. Indomethacin Formulations 
Table 18. 2- Derivative of Absorbance vs. Wavelength: Acyclovir Formulations 
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Table 1 . Level 1 Component ^ ComposUion Ch»ges fo, ,™n.di«e Release 0«1 SoMDosage 

Forms . • 



Excipient 



Filler 



Disintegrant 
starch 

other 



Binder 



Lubricant 

calcium or magnesium stearate 
other 



Glidant 
talc 
other 
Film coat 



Percent Excipient (w/w) Out of Total Target 
Dosage Form Weight 



+/- 5% 



+/- 3% 

+/- 1% 



+/- 0.5% 



+/. 0.25% 
+/- 1% 



+/- 1% 
+/-0.1% 



+/. 1% 



Table 2 Level 2 Component and Composition Changes for Itmnediate Release Oral Solid Dosage 

FQ^? — ' — [p^nt Excipient (w/w) Out of Total Target 

Excipient Dosage Form Weight 



Filler 



Disintegrant 
starch 
other 



Binder 



Lubricant 

calcium or magnesium stearate 
other 



Glidant 
talc 
other 
Film coat 



+/- 10% 



6% 

+/- 2% 



+/- 1% 



+/- 0.5% 
+/- 2% 



+/- 2% 
+/- 0.2% 



+/- 2% 



Table 3. Level 3 Component and Composition Changes for Immediate Release Oral Solid Dosage 
Forms 



Excipient 


Percent Excipient (w/w) Out of Total Target 
Dosage Form Weight 


Filler 


Greater than +/- 10% 


Disintegrant 
starch 


Greater than +/- 6% 


other 


Greater than +/- 2% 


Binder 


Greater than +/- 1% 


Lubricant 




calcium or magnesixmi stearate 


Greater than +/- 0.5% 


other 


Greater than +/- 2% 


Glidant 




talc 


Greater than +/- 2% 


other 


Greater than +/- 0.2% 


Film coat 


Greater than +/- 2% 



Table 4. Level 1 Component and Composition Changes for Modified Release Oral Solid Dosage 



Forms (nonrelease controlling excipient) 


Excipient 


Percent Excipient (w/w) Out of Total Target 




Dosage Form Weight 


Filler 


+/- 5% 


Disintegrant 




starch 


+/- 3% 


other 


+/- 1% 


Binder 


+/-0.5% 


Lubricant 




calcium or magnesium stearate 


+/- 0.25% 


other 


+/- 1% 


Glidant 




talc 


+/- 1% 


other 


+/- 0.1% 


Film coat 


+/- 1% 



Table 5 . Level 2 Component and Composition Changes for Modified Release Oral Solid Dosage 
Forms (nonrcieasc contro lling excipient) 



Excipient 



Filler 



Disintegrant 
starch 

other 



Binder 



Lubricant 

calcium or magnesium stearate 
other 



Glidant 
talc 
other 
Film coat 



Percent Excipient (w/w) Out of Total Target 
Dosage Form Weight 
+/-10% 



+/- 6% 
+/- 2% 



+/- 1% 



+/- 0.5% 
+/- 2% 



+/- 
+/- 
+/- 2% 



2% 
0.2% 



Table 6. Level 3 Component and Composition Changes for Modified Release Oral SoUd Dosage 

Forms (nonrelease controlling excipient) — — — 

Excipient 



Filler 



Disintegrant 
starch 

other 



Binder 



Lubricant 

calcium or magnesium stearate 
other . 



Glidant 

talc 

other 



Film coat 



Percent Excipient (w/w) Out of Total Target 
Dosage Form Weight 



Greater than +/- 10% 



Greater than +/- 6% 
Greater than +/- 2% 



Greater than +/- 1% 



Greater than +/- 0.5% 
Greater than +/- 2% 



Greater than +/- 2% 
Greater than +/- 0.2% 
Greater than +/- 2% 



1) 



Table 7. Level 1 Component and Composition 

Fonns (release controllin g excipient) _ 

Excipient 



Any release controlling excipient(s) 



nges for Modified Release Oral Solid Dosage 

Percent Excipient (w/w) Out of Total Release 
Controlling Excipient Content in the Modified 

Release Solid Oral Dosage Form 

+/- 5% , 



Table 8. Level 2 Component and Composition Changes for Modified Release Oral Solid Dosage 

Jor ms (release controlling excipient) p^g^^^^^^^— — ' 

Controllmg Excipient Content in the Modified 
Release Solid Oral Dosage Form 



Excipient 



Any release controlling excipient(s) 



+/- 10% 



Table 9. Level 3 Component and Composition Changes for Modified Release Oral SolidDosa^ 
Forms (release controlling excipient) 



Any release controlling excipient(s) 



Pi^^ Excipient (w/w) Out of Total Release 
Controlling Excipient Content in the Modified 
Release Solid Oral Dosage Form 



Greater than +/- 10% 



Basic 



strategy: Unique signature could be on drug produce or packaging. 



Product 
shipped with 
unique NIR 
signature by 
Manufacturer 





Whole 






Seller 


► 


► 


NIR Scan 











Pharmacists 



NIR Scan 




Patient 



Send lot number verification back to dispenser 



Each lot of a drug will have a unique lot number and NIR signature either based upon the products 
Also, recall most dnig produce have fmite shelf life. ^ 
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Tablell. Composition of Aspirin Formulations 



Component 


Formulation A1 


Formulation A2 


Formulation A3 




(mg/tab) 


(mg/tab) 


(mg/tab) 


Aspirin 


325 


325 


325 


Microcrystailine 
cellulose 


73 


83 


63 


Magnesium stearate 


2 


2 


2 


TOTAL WEIGHT 


400 


410 


390 



Table|2. Composition of Prednisone Formulations 



Component 


Formulation B1 


Formulation B2 


Formulation B3 




(mg/tab) 


(mg/tab) 


(mg/tab) 


Prednisone 


5 


5 


5 


MicrocrystaHine 
cellulose 


94.5 


94.5 


94.5 


Magnesium stearate 


0.5 


0.75 


0.25 


TOTAL WEIGHT 


100 


100.25 


99.75 



Table|3. Composition of indomethacin Formulations 



Component 


Formulation CI 
(mg/tab) 


Formulation 02 
(mg/tab) 


Formulation C3 
(mg/tab) 


Indomethacin 


25 


25 


25 


Microcrystailine 
cellufose 


71.5 


74 


69 


Croscarmellose 
sodium 


3 


2 


4 


Magnesium stearate 


0.5 


0.5 


0.5 


TOTAL WEIGHT 


100 


101.5 


98.5 



Tablet4. Composition of Acyclovir Formulations 



Component 


Formulation D1 
(mg/tab) 


Fomnulation D2 
(mg/tab) 


Formulation D3 
(mg/tab) 


Acyclovir 


200 


200 


200 


Microcrystailine 
cellulose 


113.26 


120.26 


106.26 


Starch 


35 


27.99 


41.99 


Magnesium stearate 


1.75 


1.75 


1.75 


TOTAL WEIGHT 


350 


350 


350 



2"" Derivative of Absorbance Versus Wavelength: Aspirin Formulations 
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2" Derivative of Absorbance Versus Wavelength: Prednisone Formulations. 




2" Derivative of Absorbance Versus Wavelength: Prednisone Formulations. Formulations B3 
(Yellow), B1 (Blue), and 82 (Red) contained increasing amounts of magnesium stearate. The 
intensities around 1705 nm.as well as the regions between 1725-1735 nm and 1775-1790 nm, 
reflect NIR to differentiate the formulations. The profile of pure magnesium stearate (Light Blue) 
is also shown. 
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2 Derivative of Absork>ance Versus Wavelength: fndomethacin Formuiations 




2" Derivative of Absorbance Versus Wavelength: Indomethacin Formulations. Formulations C3 
(Yellow), C1 (Blue), and C2 (Red) contained increasing amounts of microcrystalline cellulose, as 
well as decreasing amounts of croscarmellose sodium. The intensities around 1890 nm and 
1920 nm reflect NIR to differentiate the formulations. The profiles of pure microcrystalline 
cellulose (Light Blue) and pure croscarmellose sodium (Purple) are also shown. 



2 Derivative f Absorbance V rsus Wav length: Acyclovir Formutations 




2 Derivative of Absorbance Versus Wavelengtli: Acyclovir Formulations, Formulations C3 
(Yellow), C1 (Blue), and C2 (Red) contained increasing amounts of microcrystalline cellulose, as 
well as decreasing amounts of starch. The intensities around 2175 nm, 2205 nm, 2225 nm. 2250 
nm, 2265 nm, 2320 nm, 2345 nm, 2365 nm, as well as the regions between 2100-2130 nm and 
2380-2420 nm, reflect NIR to differentiate the formulations. The profiles of pure microcrystalline 
cellulose (Gray) and pure starch (Light Blue) are also shown. 




